The reactions of [2+3] cycloaddition of pyridylnitrile oxides to vinyl-and allylgermanes proceed regioselectively and afford 5-Ge-substituted isoxazolines-2. We have synthesized 9 new pyridyl substituted 5-Si(Ge)-isoxazolines-2 and investigated their biological activity. The vasodilating, anticoagulant and cardioprotective activities of 5-Si(Ge) substituted isoxazolines-2 have been studied in vitro and in vivo. Substitution of the silicon atom for the germanium one leads to the significant increase in vasodilating, antithrombotic and cardioprotective activity. The insertion of the methylene group between Ge and the isoxazoline ring reduces the vasodilating activity. The most active isoxazoline-3-(5"-triethylgermyl-3"-isoxazolinyl)pyridine hydrochloride protects the heart from rhythm disturbances and lethality during ischaemia-reperfusion.
INTRODUCTION
In 1994 the first organogermanium pharmaceutical propagermanium was launched in Japan under the trade name Serocion(R) (Sanwa Kenkyusho Co.,Ltd.). Its biological activity spectrum includes the protection against viruses, imrnunostimulation and hepatoprotection. Propagermanium has been introduced into clinics for the treatment of chronic hepatitis. This compound belonging to germsesquioxanes has been shown to possess low toxity.
This achievement has stimulated the further investigations of the biological activity not only of germsesquioxanes but also of other classes of low toxic organogermanium compounds.
Hetaryigermatranes show relatively high neurotropic activity [1, 2] . Triphenylgermyl substituted 1,2,4-triazolinones were effective against gastric carcinoma MGC-803 under the experimental conditions. However, no inhibitory effects were found against carcinoma BGC-823 [3] .
[2+3] Cycloaddition reactions of nitrile oxides to vinylsilanes proceed regiospecifically to give 5-Si substituted isoxazolines-2 [4] [5] [6] [7] [8] , however, the addition to vinyltriethoxysilane and vinylsilatrane gives a mixture of 4-and 5-Si regioisomers [9] . Silyl substituted isoxazolines show wide spectrum of the biological activity [10] .
The aim of the present work is the synthesis and investigation of vasodilating and cardioprotective activity of pyridyl substituted silyl-and germylisoxazolines.
MATERIALS AND METHODS

Chemistry
H NMR spectra were recorded on a Bruker WM-360/DS instrument at 360.1 MHz. GLC analysis was perfomed on a Varian 3700 instrument equipped with flame-ionizing detector using a capillar column 5 m 0.53 ram, df=2.65 , HP-I. Carrier gas nitrogen.
The melting points were determined on a "'Digital melting point analyzer" (Fisher), the results are given without correction.
Genera/method of preparation.
An equimolar amount of triethylamine in benzene (20 ml) was gradually added to a solution of vinyl(allyl)triethylsilane(germane) (0.02 mol) and pyridylhydroxamic chloride (0.02 mol) in benzene (30 ml) at 70 C. After addition of amine the mixture was stirred for 4 h at the same of Pyridil Substituted 5-Silyl(Germyl)Isoxazolines-2 temperature. When the temperature of the reaction mixture fell to ambient, triethylamine hydrochloride was filtered off. The solvent was evaporated in vacuo and the residue was extracted with hexane. Hydrohalogenation was carried out by HHal in ether. 
Pharmacology
Vasodilating activity. The modified classical method for the experiments on the isolated perfused rabbit ear blood vessels was used [11, 12] . Rabbits of both sexes (2.6-3.3 kg) were killed by L v. injection of pentobarbital sodium (80 mg/kg). The central ear artery was dissected free at the base of the ear and cannulated with polyethylene tubing and perfused at a constant flow (2ml/min) from 4-channel peristaltic pump Geming (Italy). Thrombos formation time. Blood coagulation time was detected using Lee&White method [13] . White male mice of ICR-JCL strain (20-22 g) were used in the experiments (5 mice in every group). The studied compounds were administered i.p. 15 min prior the experiments. Blood was sampled from jugular vein from the previously anaesthetized mice (urethane 900 mg/kg, i.p.). The inhibition degree, the blood coagulation time for each compound in a dose of 30 mg/kg were expressed in min and in % ratio in comparison with the control (the blood coagulation time in the case of the solvent -0.6% solution of Tween 80).
Blood bleeding time. Blood bleeding time was measured following Duke [13] . White male mice of ICR-JCL strain (20-22 g) were used in the experiments (5 mice in every group). The studied compound or solvent (0.6% solution of Tween 80) was administered i.p. 15 min prior the test. The blood bleeding was caused from tail of the anasthetized mice (urethane 900 mg/kg, i.p.). (5.15, m) .
Polarization of the vinyl group in triethylvinylgermane and triethylallylgermane is opposite and, consequently, one can expect the different regioselectivity of the nitrile oxides addition, while it has been proved experimentally that the addition occurs analogously [15] [16] [17] [18] . Ratio-incidence/number of animals n experiment;
Significantly differs from the control (solvent) (P<0.05). (Table 4) . Thus, we have found, that substitution of the silicon atom for germanium leads to the increase of vasodilating activity (1, (2) (3) (4) 5) , but the insertion of the methylene group between Ge and isoxazoline ring reduces vasodilating activity (compounds 4 and 7). Table 5 summarizes the data on the anticoagulant activity of silyl(germyl)isoxazolines-2.
In the experiments on mice the investigated compounds in general have no significant influence on the blood bleeding time (except compound 4 prolongation of the bleeding time against control 150%). It has been shown that all investigated germylisoxazolinyl substituted pyridines (4, 5 and 7) prolong the coagulation time (table 5), 3-(5"-triethylgermyl-3"-isoxazolinyl)pyridine hydrochloride (5) being the most active anticoagulant among all studied compounds. In this experiment silyl isoxazoline substituted pyridines (1-3) reveal weak anticoagulant activity.
In the experiments on the anasthetized rats 2, 4, 5 and AIIopurinol protected animals from ischaemia reperfusion induced lethality (table 6). Under our experimental conditions (15 min coronary artery occlusion with subsequent reperfusion) only the compound 5 protected heart from ventricular fibrillation.
In the experiments in vitro and in vivo it has been found that substitution of the silicon atom for the germanium one increases significantly the vasodilating and anticoagulant activity and leads to rise of cardioprotective properties of 3-pyridyl substituted isoxazolines. The insertion of the methylene group between Ge and the isoxazoline ring reduces the biological activity in the studied compounds.
It must be noted that germylisoxazolines 4 and 7 are also more potent (by 15-30 times) NO-inducers in HT-1080 (human lung fibrosarcoma) and MG-22A (mice hepatoma) cells than the silicon derivatives 1 and 2.
This group of compounds has a medium toxicity. The most toxic compound among all studied was 4-(5"-triethylsilyl-3"-isoxazolinyl)pyridine hydrobromide (325 mg/kg). The introduction of the methylene group between the triethylgermyl group and isoxazoline ring decreased the toxicity. 2-Pyridyl substituted isoxazolines are less toxic than 3-and 4-pyridyl substituted analogues. Triethylsilylisoxazolines are more toxic than germyl analogues.
